Gas Hydrate Stability Zone of the Barents Sea and Kara Sea Region  by Klitzke, Peter et al.
1876-6102 © 2016 The Authors. Published by Elsevier Ltd. This is an open access article under the CC BY-NC-ND license 
(http://creativecommons.org/licenses/by-nc-nd/4.0/).
Peer-review under responsibility of the organizing committee of the General Assembly of the European Geosciences Union (EGU)
doi: 10.1016/j.egypro.2016.10.005 

































Available online at www.sciencedirect.com
© 2016 The Authors. Published by Elsevier Ltd. This is an open access article under the CC BY-NC-ND license 
(http://creativecommons.org/licenses/by-nc-nd/4.0/).
Peer-review under responsibility of the organizing committee of the General Assembly of the European Geosciences Union (EGU)





RU WKH DEVHQFH RI IUHH JDV EHORZ WKH JDV K\GUDWH VWDELOLW\ ]RQH >@ ,Q WKLV VHQVH JHRSK\VLFDO PHWKRGV PD\
FRPSOHWHO\XQGHUHVWLPDWHWKHGLVWULEXWLRQRIJDVK\GUDWHV
%RWWRPVLPXODWLQJUHIOHFWRUVKDYHEHHQLQWHUSUHWHGDWVHYHUDOVLWHVZHVWRI6YDOEDUGDQGLQWKH6:%DUHQWV6HD































ILYH VHGLPHQWDU\XQLWV WKHFRQWLQHQWDOXSSHUDQG ORZHUFUXVW WKHRFHDQLFFUXVW DQG WKH OLWKRVSKHULFPDQWOH(DFK
JHRORJLFDOXQLWLVFKDUDFWHULVHGE\OLWKRORJ\GHSHQGHQWPHFKDQLFDODQGWKHUPDOSDUDPHWHUVVXFKDVSRURVLW\GHQVLW\
UDGLRJHQLFKHDWSURGXFWLRQDQGWKHPDWUL[WKHUPDOFRQGXFWLYLW\7DEOH)RUWKHVHGLPHQWDU\XQLWVXVXDOSRURVLW\











 ɏୠ ൌ ɏ୵I౰ כ ɏୱሺଵିI౰ሻ

6XEVHTXHQWO\ WKH SUHVVXUH LV FDOFXODWHG DW HDFK JULG QRGH ZLWK ȡE WKH EXON GHQVLW\   
ǤǡWKHK\GURVWDWLFDVZHOODVWKHOLWKRVWDWLFSUHVVXUHVDUHFRQVLGHUHG







  ൌ ׏ ή  ሺɉୠ׏ሻ

)LJD3UHVHQWGD\WHPSHUDWXUHGLVWULEXWLRQDWWKHVHDIORRU>@E*HRWKHUPDOJUDGLHQWRIWKHXSSHUPRVWNPEHORZWKHWRSRJUDSK\





KHDW SURGXFWLRQ7DEOH DVZHOO DV WR WKH FKRLFHRI ERXQGDU\FRQGLWLRQV7KH UHGXFHGSUHVHQWGD\SRURVLWLHV RI














































































&UXVW   
&RQW/RZHU
&UXVW   
+LJKGHQVLW\
ERG\   
2FHDQLF
&UXVW   
/LWKRVSKHULF0DQWOH &RQWLQHQW %$502'EH\RQG  























@*HLVVOHU HW DO PDSSHG D ERWWRPVLPXODWLQJ UHIOHFWRUV DFURVVZLGH SDUWV RI WKHPDUJLQV EHWZHHQ
ODWLWXGHDQG)LJF7KHLQWHUSUHWHGJDVK\GUDWHVVKRZUHYHDODSDWFK\GLVWULEXWLRQZLWKVWURQJO\YDU\LQJ
WKLFNQHVVRIVHYHUDOKXQGUHGPHWHUVZKLFKPD\SRLQWWRORFDOO\GLIIHULQJJDVVRXUFHV7KLVLVIXUWKHUVXSSRUWHGE\




$SRWHQWLDO WKHUPRJHQLF IHHGLQJV\VWHPPLJKWEHDQ(DUO\ WR0LGGOH(RFHQHVRXUFH URFN LQWHUSUHWHG UHFHQWO\










RFFXUULQJ DW PLGRFHDQLF ULGJHV ZKHUH OLWKRVSKHULF PDQWOH LV H[SRVHG WR VHD ZDWHU >@ )OXLGURFN LQWHUDFWLRQV
EHWZHHQ VHDZDWHU DQG WKH XSSHUPDQWOH UHVXOW LQ WKHPHWDPRUSKLVPRISHULGRWLWHZKHUHE\ DELRJHQLFPHWKDQH LV
IRUPHGSRWHQWLDOO\ IHHGLQJJDVK\GUDWHV5DMDQ HW DO  LQWHUSUHWHG DERWWRPVLPXODWLQJ UHIOHFWRU RYHUO\LQJ D
VHUSHQWLQLVHGEDVHPHQW VHJPHQWZKLFK VXSSRUWV WKLV VFHQDULR >@ ,Q FRQWUDVW JHRFKHPLFDO DQDO\VLV IURPJDV
K\GUDWHVLQYLFLQLW\RIWKH9HVWQHVD5LGJHZHVWRI6YDOEDUGUHYHDODOLJKWį&FRPSRVLWLRQZKLFKZRXOGH[FOXGHD
PDQWOHVRXUFH>@


































308   Peter Klitzke et al. /  Energy Procedia  97 ( 2016 )  302 – 309 
JDVRULJLQUHOHDVHGIURPWKDZLQJSHUPDIURVW>@7KHSUHVHQFHRISHUPDIURVWVXJJHVWWKDWVRPHRIIVKRUHUHJLRQV





















































 Peter Klitzke et al. /  Energy Procedia  97 ( 2016 )  302 – 309 309
>@6FKLFNV-0/X]L+HOELQJ0.LQHWLFDQG7KHUPRG\QDPLF$VSHFWVRI&ODWKUDWH+\GUDWH1XFOHDWLRQDQG*URZWK-&KHP(QJ'DWD

>@6ORDQ('.RK&$XWKRUV&ODWKUDWH+\GUDWHV1DW*DVHV7KLUG(GUGHG&5&3UHVVS
>@*DVWRQ'1HZPDQ&+DQVHQ*/HEUXQ*UDQGLp'0226($SDUDOOHOFRPSXWDWLRQDOIUDPHZRUNIRUFRXSOHGV\VWHPVRIQRQOLQHDU
HTXDWLRQV1XFO(QJ'HV±
>@5LW]PDQQ2)DOHLGH-,7KHFUXVWDQGPDQWOHOLWKRVSKHUHLQWKH%DUHQWV6HD.DUD6HDUHJLRQ7HFWRQRSK\VLFV±
>@/HYVKLQ$/6FKZHLW]HU-:HLGOH&6KDSLUR105LW]ZROOHU0+6XUIDFHZDYHWRPRJUDSK\RIWKH%DUHQWV6HDDQGVXUURXQGLQJUHJLRQV
*HRSK\V-,QW±
>@*LRUJHWWD0$-XQJFODXV-+5HLFN&+/HJXWNH6%DGHU-%|WWLQJHU0HWDO&OLPDWHDQGFDUERQF\FOHFKDQJHVIURPWRLQ
03,(60VLPXODWLRQVIRUWKHFRXSOHGPRGHOLQWHUFRPSDULVRQSURMHFWSKDVH-$GY0RGHO(DUWK6\VW±
>@.QLHV-'DPP(*XWW-0DQQ83LQWXULHU/1HDUVXUIDFHK\GURFDUERQDQRPDOLHVLQVKHOIVHGLPHQWVRII6SLWVEHUJHQ(YLGHQFHVIRUSDVW
VHHSDJHV*HRFKHPLVWU\*HRSK\V*HRV\VWHPV
>@)LVKHU5(6ULVNDQWKDUDMDK6/RZU\'$UFWLFPHWKDQHVRXUFHV,VRWRSLFHYLGHQFHIRUDWPRVSKHULFLQSXWV*HRSK\V5HV/HWW
>@6DKOLQJ+5|PHU03DSH7%HUJqV%'RV6DQWRV)HUHLUUD&%RHOPDQQ-HWDO*DVHPLVVLRQVDWWKHFRQWLQHQWDOPDUJLQZHVWRI6YDOEDUG
0DSSLQJVDPSOLQJDQGTXDQWLILFDWLRQ%LRJHRVFLHQFHV±
>@6PLWK$-0LHQHUW-%Q]6*UHLQHUW-7KHUPRJHQLFPHWKDQHLQMHFWLRQYLDEXEEOHWUDQVSRUWLQWRWKHXSSHU$UFWLF2FHDQIURPWKHK\GUDWH
FKDUJHG9HVWQHVD5LGJH6YDOEDUG*HRFKHPLVWU\*HRSK\V*HRV\VWHPV±
>@0DQQ8.QLHV-&KDQG6(YDOXDWLRQDQGPRGHOOLQJRI7HUWLDU\VRXUFHURFNVLQWKHFHQWUDO$UFWLF2FHDQ0DU3HW*HRO±
>@6WHLQ58&UHWO7HUWLDU\EODFNVKDOHVQHDUWKH1RUWK3ROH2UJDQLFFDUERQRULJLQDQGVRXUFHURFNSRWHQWLDO0DU3HW*HRO±
>@6WHLQ5%RXFVHLQ%0H\HU+$QR[LDDQGKLJKSULPDU\SURGXFWLRQLQWKH3DOHRJHQHFHQWUDO$UFWLF2FHDQ)LUVWGHWDLOHGUHFRUGVIURP
/RPRQRVRY5LGJH*HRSK\V5HV/HWW±
>@(QJHQ)DOHLGH-,'\UHQJ7.2SHQLQJRIWKH)UDP6WUDLWJDWHZD\$UHYLHZRISODWHWHFWRQLFFRQVWUDLQWV7HFWRQRSK\VLFV±
>@0\KUH$07KLHGH-)LUWK-96LWH,Q0\KUH$07KLHGH-)LUWK-9HGLWRUV3URF2FHDQ'ULOO3URJUDP,QLWLDO5HSRUWVYRO
2FHDQ'ULOOLQJ3URJUDPS±
>@.QLHV-0DQQ8'HSRVLWLRQDOHQYLURQPHQWDQGVRXUFHURFNSRWHQWLDORI0LRFHQHVWUDWDIURPWKHFHQWUDO)UDP6WUDLW,QWURGXFWLRQRIDQHZ
FRPSXWLQJWRROIRUVLPXODWLQJRUJDQLFIDFLHVYDULDWLRQV0DU3HW*HRO±
>@'XPNH,%XUZLF](%%HUQGW&.ODHVFKHQ')HVHNHU7*HLVVOHU:+HWDO*DVK\GUDWHGLVWULEXWLRQDQGK\GURFDUERQPDWXUDWLRQQRUWKRI
WKH.QLSRYLFK5LGJHZHVWHUQ6YDOEDUGPDUJLQ-*HRSK\V5HV%6ROLG(DUWK±
>@+HUPDQQ7-RNDW:&UXVWDOVWUXFWXUHVRIWKH%RUHDV%DVLQDQGWKH.QLSRYLFK5LGJH1RUWK$WODQWLF*HRSK\V-,QW±
>@.DQGLODURY$/DQGD+0MHOGH53HGHUVHQ5%2NLQR.0XUDL<&UXVWDOVWUXFWXUHRIWKHXOWUDVORZVSUHDGLQJ.QLSRYLFK5LGJH1RUWK
$WODQWLFDORQJDSUHVXPHGULGJHVHJPHQWFHQWHU0DU*HRSK\V5HV±
>@5DMDQ$%Q]60LHQHUW-6PLWK$-*DVK\GUDWHV\VWHPVLQSHWUROHXPSURYLQFHVRIWKH6:%DUHQWV6HD0DU3HW*HRO±
>@9DGDNNHSXOL\DPEDWWD6+RUQEDFK0-%Q]63KUDPSXV%-&RQWUROVRQJDVK\GUDWHV\VWHPHYROXWLRQLQDUHJLRQRIDFWLYHIOXLGIORZLQ
WKH6:%DUHQWV6HD0DU3HW*HRO±
>@/¡Y¡9(OYHUK¡L$$QWRQVHQ36ROKHLP$%XWHQNR*6XEPDULQHSHUPDIURVWDQGJDVK\GUDWHVLQWKHQRUWKHUQ%DUHQWV6HDYRO
>@6ROKHLP$(OYHUK¡L$$SRFNPDUNILHOGLQWKH&HQWUDO%DUHQWV6HDJDVIURPDSHWURJHQLFVRXUFH"3RODU5HV±
>@&DYDQDJK$-'L3ULPLR56FKHFN:HQGHURWK0+RUVILHOG%6HYHULW\DQGWLPLQJRI&HQR]RLFH[KXPDWLRQLQWKHVRXWKZHVWHUQ%DUHQWV
6HD-*HRO6RF/RQGRQ±
>@2KP6(.DUOVHQ'$$XVWLQ7-)*HRFKHPLFDOO\GULYHQH[SORUDWLRQPRGHOVLQXSOLIWHGDUHDV([DPSOHIURPWKH1RUZHJLDQ%DUHQWV6HD
$P$VVRF3HW*HRO%XOO±
>@'RUp$*&RUFRUDQ'96FRWFKPDQ,&3UHGLFWLRQRIWKHK\GURFDUERQV\VWHPLQH[KXPHGEDVLQVDQGDSSOLFDWLRQWRWKH1:(XURSHDQ
PDUJLQ*HRO6RF/RQGRQ6SHF3XEO±
>@'RUp$*-HQVHQ/17KHLPSDFWRIODWH&HQR]RLFXSOLIWDQGHURVLRQRQK\GURFDUERQH[SORUDWLRQRIIVKRUH1RUZD\DQGVRPHRWKHUXSOLIWHG
EDVLQV*ORE3ODQHW&KDQJH±
>@1LFNHO-&GL3ULPLR5.DOOPH\HU-+DPPHU+RUVILHOG%6WRGGDUW'HWDO7UDFLQJWKHRULJLQRIWKHUPRJHQLFK\GURFDUERQVLJQDOVLQ
SRFNPDUNVIURPWKHVRXWKZHVWHUQ%DUHQWV6HD2UJ*HRFKHP±
>@5LVH/%HOOHF9.&KDQG6%¡H53RFNPDUNVLQWKHVRXWKZHVWHUQ%DUHQWV6HDDQG)LQQPDUNIMRUGV1RU-*HRO±
>@&KDQG67KRUVQHV75LVH/%UXQVWDG+6WRGGDUW'%¡H5HWDO0XOWLSOHHSLVRGHVRIIOXLGIORZLQWKH6:%DUHQWV6HD/RSSD+LJK
HYLGHQFHGE\JDVIODUHVSRFNPDUNVDQGJDVK\GUDWHDFFXPXODWLRQ(DUWK3ODQHW6FL/HWW±±
>@+HQULNVHQ(5\VHWK$(/DUVVHQ*%+HLGH75RQQLQJ.6ROOLG.HWDO&KDSWHU7HFWRQRVWUDWLJUDSK\RIWKHJUHDWHU%DUHQWV6HD
LPSOLFDWLRQVIRUSHWUROHXPV\VWHPV*HRO6RF/RQGRQ0HP±
>@6WDUWVHYD.)(UVKRY$91LNLVKLQ9$7KHHYROXWLRQRIK\GURFDUERQV\VWHPVLQWKH1RUWK.DUDVHD(YLGHQFHIURP'PRGHOLQJ
0RVFRZ8QLY*HRO%XOO±
>@3RUWQRY$0LHQHUW-6HURY30RGHOLQJWKHHYROXWLRQRIFOLPDWHVHQVLWLYH$UFWLFVXEVHDSHUPDIURVWLQUHJLRQVRIH[WHQVLYHJDVH[SXOVLRQDW
WKH:HVW<DPDOVKHOI-*HRSK\V5HV*%LRJHRVFLHQFHV±
>@6HURY33RUWQRY$0LHQHUW-6HPHQRY3,ODWRYVND\D30HWKDQHUHOHDVHIURPSLQJROLNHIHDWXUHVDFURVVWKH6RXWK.DUD6HDVKHOIDQDUHD
RIWKDZLQJRIIVKRUHSHUPDIURVW-*HRSK\V5HV)(DUWK6XUI±
>@-DNREVVRQ00D\HU/&RDNOH\%'RZGHVZHOO-$)RUEHV6)ULGPDQ%HWDO7KH,QWHUQDWLRQDO%DWK\PHWULF&KDUWRIWKH$UFWLF2FHDQ
,%&$29HUVLRQ*HRSK\V5HV/HWW±
>@6WHLQVKRXHU':4LDQJ-0F&DEH3-5\GHU570DSVVKRZLQJJHRORJ\RLODQGJDVILHOGVDQGJHRORJLFSURYLQFHVRIWKH$VLD3DFLILF
UHJLRQ9HUVLRQ
